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APPARATUS AND PROCESS FOR THE TREATMENT OF A MATERIAL 
UNDER PYROLYTICAL CONDITIONS, AND USE THEREOF 

5 "nie invention relates to an apparatus for the treatment of a material undw pyxolytical 
conditions, the apparatus coanprising a housing foer p(Coces6ing the in a te yia T. The 
invention also relates to a process for the treatment of a material mdec pyiolytical 
conditions in three phases, a heating phase of the matradal, a reaction phase ia which 
the matexial may become at least partially plastic and a third phase in which one or 

10 more processed products axe fonned. Ihe invention furthennoi© relates to the use of 
&e ^paratus and/or the process. 

A tieatm^t under {^nolytical conditions is a well-knovm process for making 
char ftom coal in three phases, for instance known ftom US-A-S,296.0QS or WO-A- 
02/31081. Ja eadi of the known processes the coal is heated, after which the coal 

15 becomes at least partially plastic and loses vdlaliles (while it is stiU heated). After a 
period of time the plastic coal has lost a certain amount of volatiles and the chemical 
conqtosition changes, audi that it becomes britfle and turns into char, while still 
losing volataes. Normally this process is effectuated in one or mot© housiiigs, 
through which the coal and char are transported using a screw. 

20 This process has the drawback that when the coal becomes plastic, tiie coal 

sticks togeiher and forms a compact mass, which is transported tiirough the housing 
as a massive lump between the blades of the screw. No mixing takes place during 
this reaction phase. Because no mixing lakes place, tfie heat transfer to the coal is 
very poor, resulting in an overheating of the coal near tiie (heated) housing and an 

2S undedxeating of the coal at a distance from ttie houshig. Often the housing s^ta 
choked due to the stickiness of the plastic coal. The consequence is that the coal in 
tiie reaction phase must be heated slowly, resuWng in long process times and large or 
long apparatus. The same drawback holds for other materials that are processed 
under pyrolytical conditions and axe plastic during at least part of the pcoeessmg 

30 time. 

It i$ an olq'ect of the invention to provide a proc^ and an apparatus for the 
treatment of a material under pyrclytical conditions, lesulttog in an efficient and fest 
l^coduction of the processed product 
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It is another object of the invention to provide a process and appatati^ for the 
tt^tment of a xuat&rial under pyrolytlcal conditions wherein the x&aterial is well 
heated in the reaction phase. 

It is still another object of the invention to provide a process and apparatus for 
5 the treatment of a material under pyrolytlcal conditions herein the residence time and 
the temperature profile of the material are well controllable. 

According to a first aspect of the invention there is provided an apparatus for 
the tr^taient of a material under pyrolytlcal conditions, the apparatus com;prlsxns a 
housing for jirocessing tiie material, wh^in in the housing an extrusion screw is 
10 provided. 

The use of an extrusion s^w in tfie apparatus for the treatment of a material 
under pyrolytlcal conditions provides an efGci^t and forced transport of the material 
and the processed product in the houshig, which especially for at least partially 
plastic matedal results in a good heat transfer from the housing to the matedaL An 

15 extrusion screw is known for the mixing and extrusion of foodstuffs, but not known 
for tbe treatment of materials under pyrolytlcal conditions. 

For the salce of clarity it has to be und^i^od that for fhls invention a treatment 
under pyrolystical conditions should be understood to be the treatment of a inaterial 
by which the material is heated to a certain temperatire/ during which trea 

20 oxygen is present or oxygen is only present in low partial pressures, restilting in a 
variety of chemical reactions and the forming of one or more processed products and 
reaction gasses. The materials used and the processed products formed wiU be 
elucidated below. 

Preferably a double extrusion screw is provided in die housing. A double 
25 ^tmsion screw gives a very eflScient mixing of heavy liquids and partide-Iike 
mat^ai and especially of at least partially plastic material. For this inv^tton a 
double extrusion screw is defined as two approximately parallel screws having 
.blades such tiiat the thickness of a blade is at least half the distance betwera two 
nei^bouring blades. 

iO According to a preferred ^bodiment the double extrusion screw is an 

inteimeshing double extrusion scmw, preferably a counter rotath:^ int^meshing 
double extrusion screw. In an intraneshing double extrusion screw the mat^al and 
the processed products are retained between the blades of each screw and forced to 
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mix due to the action of the rotatixig othCT screw, For this invention an IntOTneshing 
dotible extrusion screw is defined as an extrusion screw of which tibie distance 
between the shafts of the screws is at most the addition of the height of the blades on 
both screws. A counter rotating intenneshing double extrusion screw results in the 

5 required mixing of the material and the products. 

According to a pxefenced embodiment the extrusion scxew has a hollow shaft. 
Tlie hollow shaft makes it possible to heat the material and the processed products by 
way of the screw as well, resuldng in a vaster heating of the matmal and the 
processed products, by transporting heated gasses or a heated liquids through the 

10 hollow shaft 

Preferably the blade or blades on the hollow shaft aie hollow as welL Hds 
results in a still better heating of the matmal and the processed products. 

ft is possible to provide the extrusion screw with a double blade over at least 
part of its length. This has ttie advantage that the screw has an additional surface, 
IS resulting in a faster heating of the material and a shorts screw. 

It is al^ possible to give die extrusion so^w a blade with a variable pitch. This 
has the advantage of an improved process control for each phase in the process. 

Preferably the distance between the shaft of the screw and the housing is at 
least of the same order as the distance between two successive blades, more 
20 preferably the distance between the shaft and the housing being Isag&r than the 
distance between two successive blades. This results in the best heat transfer to the 
material and the products. 

According to a preferred embodiment of the apparatus the screw has a shaft on 
which internals such as paddles and/or rods are provided. The internals provide a 
25 kneading of the material and the processed products. Kneading flie mat^al and the 
products results in a thorough mixing of the mat^al and products, and thus a very 
effldent heat transit. 

Preferably the housing is double walled. lin dus way heated gasses or a heated 
fluid can be guided efEloiencly over the inni^ wall of the howing to heat the matenal 
30 and the products. 

Accoiding to a ptefiscced embocfiment of the apparatus the housing has one or 
more outlets for the gasses formed and/or one or more outlete for processed products. 
When the treatment results in di£Fer^t products diuing diffeifent stages of the 
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process^ tihi&se different prodocte can thus b& dischax^ged separately. The same holds 
for the g^ses formed. 

Preferably the housing and/or the extrusion screw have been made from cast 
iron, preferably nodular cast iron. For the reaction tez^perauxres that are needed 
S according to the process of the invention, for most materials the extrusion screw 
and/or the housing can be oast in nodular cast iron, resulting in a r^iatLvely 
inexpensive appdicatus. 

According to a pief&xxed embodiment the housing has a lengtfi betwem 1 and 
25 metres, preferably between 8 and IS metres, more ptefbrably a^^ximately 12 
10 metres. 

According to a second aspect of the invention tibiere is provided a process for 
tihe tceatment of a matmal under pyiolytica] conditions in ^taec phases, a headng 
phase of die material, a reaction phase in which the material nuiy become at least 
partially plastic and a third phase in which one or more processed products are 

15 formed, wherein the processed products are formed from the material in a housing 
while the material and the products in the housing are transported forcibly. 

Due to the forcible transport of the material in the housing the material and the 
processed products are controlled well, the temperature profile or the material and 
the processed products is fixed and no overheating will take place. 

20 According to a p^ferred process the material and the processed products axe 

transported through the housing by means of a screw. A screw is an efficient means 
to transport both material and products, those often being brittle or particle-like, and 
at least partially pl^tic material through a housing slowly and efficiently. 

Preferably the malarial and the processed products ace transported through Ifae 

35 housing by means of an extrusion screw. By using an extrusion $ca:ew the material 
and the processed products ajce mixed well in between the blades of the screw. 

Accordhig to a preferred embodiment the mat^al and die processed products 
are transported through the housing by means of a double ratrusion screw, The use 
of a double extrusion screw results in a very efficient mixing of at leiat partially 

30 plastic material in the reaction phase because the coa] i$ retained in mote or less C- 
shaped segments between the blades of each screw, where the other screw effects a 
thorou^ niixxng. The fonu and constmction of the double extrusion screw according 
to the invention are described above and will be elucidated below* 



014 04,10.2002 14:05 




Preferably the screw is self-cleaxxing dwmg tihe transport of the material and 
fee procMsed jroducts. When the screw is self-cleaning no m^erial or processed 
products win adhere to the screw, resulting in a more efficient heat taaisfar fjxm the 
screw to fee material or fee products. 
5 According to a preferred process fee material and the processed products are 

kaeaded during transport. Kneading fee znatmal and fee products results in a 
tibiorou^ mixing of fee material and products, and feus a very efBcient heat txansftf . 

Preferably the extrusion s(tow rotates wife a velocity of at most 25 xounds per 
minute, preferably at a velocity of approximately 1 round per minute. This relatively 
10 slow rotational velocity results in an efficient mixing of fee matenal and fee 
processed products. 

Ftef^^ly fee material and fee processed producis are heated to a Tnay^miim 
ten«)erature of 300** C to 1000'' C, more pre&cably to a temperature of 400^ C to 
700'' C, still more preferably to a temperature of approximately 600^ C. Of courae 

IS feese texxq^yeratures depend on fee material to be treated. Due to fe6 «f£[o)leixt mixing 
and heating of fee martial in the housing, the temperature of fee heating gasses or 
liquids for heating fee hou^g and fee screw need not be much higher fean fee 
maximum temperature of the material. 

Prefearably fee transporting time of fee material and the processed products in 

20 fee housing is between 10 and 60 minutes. Due to the excellent mixing fee products 
are formed fast and fee process can be executed in a short time period. 

If necessary intOTials can be provided in fee apparatus to promote fee mixing 
of the material and/or fee processed products. Ihtextials such as paddles, rods or other 
means can be applied easily in fee apparatus to improve fee mixing, kneading, 

25 transport or heat transfer. Such internals have to take fee place of (part of) fee blade 
of fee extrusion screw. A temperature gradient over the housing can also be 2^1ied 
as required to promote fee treatment of fee material, if necessary. 

According to a third aspect of fee invention use is made of fee ajqparatus 
according to fee first aspect of the invention and/or fee inx)cess according to fee 

30 second aspect of fee invention, wherein fee material coal is processed into fee 
product chat. The process and apparatus according to fee invention are very well 
suited for processing coal, because fee at least partially plastic coal is well mixed and 
feus well heated, and well transported through fee housing. 



The ^JIEatus and the process according to the invention as descstlbed above 
can also be used to xealise other piocesses or chemical conversions Uttda- pyrolytical 
conditions. Caiendcal reactions at elevated to high temperatures, phase transitions 
and separations at high tenqjeratutes are now also possible using the apparatus and/or 
the process according to tiie invention for almost all types of matwial. 

Using the apparatus and process, reduction of metal oxides can be realised, A 
reducing agent can be used to create high conversion rates under suitable conditions, 
which can be adapted for each process. 

Examples of joaateiials that can be used as metal oxides are iron oxides (such as 
in iron ores or in concentrates, or in iron o>ddes containing residues) to produce iron 
or steel, arsenic oxide concenttates, or lead oxideKJCHiiaining ores (or lead oxide 
containing concentrates or wastes), which can be reduced to aisenle or lead. 
Similarly aluminium, aSnc or copper oxides can be convrated to aluminium, zinc or 
coppw. In principle all metal oxides can be converted to metals, if necessary or 
useful in the presence of approp^te reducing agraits. 

Reducing agents, that can be used to get attractive conversions are caibon- 
containing materials such as coal, diar, coke, polymers, residues or carbon 
containing other materials. 

The appaiata* and process" abfeoRiteg 
also be used to process tar and/or oils to produce petrols, diesel fuels and/or other 
chemicals. Tar and heavy oil ate products that are for instance residues in die 
petrochemical industry. At the moment these residues have to be cracked at high 
temperatures to form useful products. The pyrolysis of tar and heavy ofl with the 
process and apparatus according to the invention results in the fast and relatively 
cheap fotmittg of the desked products. These products can be petrol, diesel feel and/ 
or chemicals such as fenolate. naftalenes, methyl naftalenes, anihxaceaes. creosote 
oil, soft pitch, hard pitch, umpregnation pitch, anode pitch and graphite pitch. 

The apparatus and process according to the invention, as described above, caq 
moreover be used for treating wastes such as tyres or plastic residues to produce oil 
and gas. The process and apparatus according to die invention are very well suited 
for the nxild pyrolysis of wastes, which will result in for instance 70% oU, 15% gases 
and 15% char-like residue. The process and apparatus also provide a working 
technology for the ttseatment of used tyres under pyrolytical conditions, which was 
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hitiieito imp^^Ie in the known pyrolysls apparatus. Mbieov^ several types of 
wastes can be converted Into usable pctodncts Ulce ga$6es tod oil using the process 
and apparafxis according to the invention. ' 

Iteatmeait of polymer matoial such as plastics under pyrolytical conditions can 
be used to produce monomers, the buUding blocks of which the polymers exist. The 
process and apparatus according to the invention are very well suited to enable this 
conversion due to fiieir good mixing and transport propeatties. 

Treatment of biomass undex pyrolytical conditions can be used to convert the 
biomass into oil and gas (and minerals in tiie form of a char like material). The 
process and apparatus according to the invention axe very efficient for this 
conversion due fx> their good heat transfer, kneading, mixing and/or transport 
properdes. The energy production with the process and apparatus according to the 
invention can help to solve the CO2 problem ttuat causes heating of the earth. 

The invention will be eluddated refeeilng to a pnefexKed embodiment, lefaning 
15 to the accompanying drawings. 

HguzQ 1 shows in a very schematic way an apparatus according to tfie 
invMition, partly in cross section. 

Hgure 2 shows in naore detail the main part of tile apparatus of figure 1. 
Figure 3 shows a double «Etnei(m screw as used in ihe apparatus according to 
20 figure 1. 

Kgure 1 shows a prefeoced embodiment of an apparatus according to the 
invention that is typicaHy suitable to convert coal into char-like materials. The 
apparatus 1 has a double-waUed housing 2. In the interior of the housing two 
extrusion screws 3 are provided, as will be elucidated hereinafter. In the view of 
25 iSguTB 1 only one extrusion screw 3 is visible. The screws 3 arc hollow to guide hot 
gassea or Hquids through the screws, see inlet arrow A and outlet antow B. 

The housing 2 has several inlets and outlets. Met 4 has be^ provided to let hot 
gasses in (see arrow C) between the two waUs of the housing, and outlet 5 has been 
provided to let these gasses out (see arrow D). Inlet 6 has been provided to supply 
material to be treated into the interior of the housing. The material is suppfied fiom a 
stor^ bin 10 into the inlet 6, see arrow B. During the fraatment of the mateadal 
gasses are formed, which are exhausted throu^ ouflets 7 and 8, see outlet anows P 



f 

oimetl 



sand O. An oimet 9 has been provided to discharge ihe processed product. If several 
products are fonned, several outlets can be present 

Hgure 2 shows the screw 3 and part of the housing 2 in more det^iL The 
hollow screw 3 has been shown in cross section, as a tube having a spiral blade 11 on 
5 it, Shown is only one exhaust outlet 7/8. The fUrthet signs coirespond to the parts in 
figttcel. 

Figure 3 shows a double extrusion screw as used in the apparatus 1 of figures 1 
and 2 hi more detail. The screws 3 and 3' have a hollow shaft and blades 11,11' that 
aie piefeorably hoUow as well for the best heat transfer to the matedal to be treated 

10 when hot gasses are guided through the screws. The screws fit closely into each other 
with very little play, and fit closely in the housing 3 of which only the inner wall is 
shown, it will be undostood that the screws can consist of differrat sections, each 
havii^ for example a different pitch. Fart of a blade of a screw could be replaced by 
internals in the foam of for example paddles or rods. 

IS The process for ^ treatment of a inatenal according to the invention will be 

elucidated hereinafter, referring Ihe figures. 

The treatment of a material under pyrolytical conditions is the treatment of a 
material by which the material is heated to a certain temperatuxe^ during which 
treatment nb oxygen is present 'ot oxygen is only present "in low partial piessuresV 

20 resulting in a variety of chemical reactions and conversions, and the forming of 
processed products and reaction gasses. Chemical i^eactions at elevated to high 
temperaiures, phase transitions and separations at high temperatures are now also 
possible using the apparatus and/or the process according to the invention for almost 
all types of material. 

25 Ihe material is supplied from the storage bin 10 into the housing 2 by way of 

the inlet 6 and transported through the housing 2 by the extrusion screws 3, to be 
discharged through the outlet 9. During ifais transport the material is heated by hot 
gasses or liquids that are transported through the screv^ and the housing. The 
process can be subdivided into three phases: a heating phase, a reaction phase and a 

30 phase in which the processed i»X)ducts and gasses ace formed. Each phase uses 
approximately one third of the length of the houshig. The heating pha^ is slcuaced 
under the inlet 6; the product phase is situated at the end of the housing where the 
outlet 9 is provided 



U18 04.10.2002 14:01 



9 

0 (TO I 



Due to tro jnesmce of ttie intecujeshing doable extiusion screws as shown in 
figure 3, which are preferably osed to counter totating faduon such that the top 
halves of the sctew^ xotate towards each otbsr, tbo material is well mixed in the 
compartmente between the blades of the sctbws. This Is espedally of importance 
5 doling ifae reaction phase of fte process, in which many materials to be tceated 
become at least partiaUy plastic due to the high tempeiatuie, which nomially has to 
be somewhere between 300 and 1000** C at its maximum. This partially plastic 
material is very sticlgr, difficult to mix and as a result difficult to. heat evenly, 
resulting in too high a tenqperatuie near the wall or screw and too low a temperatore 
10 in the middle of the compaitmi^ts. The stickinBss also easily xesults in the clogging 
of the apparams. 

The double extxusion screw accorcBng to the invention overcomes the problems 
encountered with the sticly plastic mat»ial in the reaction phase. Due to the small 
play between die sotews» each compartment is virtually closed. This results in a ^od 
IS mixing of the material inside the con^artments, and thus a good heat transfer. Ihe 
closed compattments are forced through the housing by the eortruaion screws so no 
clogging can occur. A controlled transport is efiFected, also resulting in a controllable 
tempearahire regime. 

Nomia% fte screws rotated slowly, approximately 1 round per minute, of 
20 course dependent on the type of materiial to be treated and the length of the screws. 
An ^aratus having a length of 12 metres will in most cases suffice. 

The material to be treated can be almost any material. A treatment under 
pytolylical conditions is a known process for processing coal to produce char or 
coke. However, the process and apparatus according to the invention can also be 
25 used to treat tar or oils, such that petrols, diesel fuels and/or other chemicals are 
produced. Moreover, the process and apparatus can be used to process tyres to 
produce oil and gas, but also to process waste material such as household wastes, or 
more specific wastes such as plastics. Besides these materids die process and 
apparams can be used to iwocess biomass to produce fuels in the form of ^ amd 
30 gasses. 

DoriQg the treatrnftot under pyrolytical conditions gasses are produced. The 
type of gas produced can differ ftom phase to phase to the process. For most 
mat^als tbst are treated, these gasses can still be used to generate ea&^. Xt can be 



sensible to sepaxate the gasses produced duiing one phase £com Ike gasses produced 
in anoflier phase. Pot this reason in figuie 1 tv^o outlets 7, 8 are shown. The exact 
positioning of these outlets d^ends on the material pjTolj^ed, and more than two 
outlets could be present For other materials one Outlet could be enough, as shown in 

5 figiTxe 2. the same holds for the outlet for the products formed. 

It will be undCTstood thai the double ^trosion screw as shown in figure 3 is 
only one of the possible configurations that can be used in the apparatus according to 
the Invention. It will for example be possible to use sciews with a double blade over 
at least part of thdr length, or to use screws having blades witii a variable pitch. 

10 Moreova, the distance between the shafts of the screws can be varied, as long bs the 
blades are intermeshing, otherwise a poorer mixing will be the result Also the 
thiclmess of the blades can be varied. 
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1. Apparatus for the treatment of a material under pyrolytical conditions, the 
apparatus comprising a housing for processing the xnaterial, characterised in 

5 that in ito housing an extrusion screw is provided. 

2. Apparatus according to claim 1, wh»ein a double extrusion screw is provided 
in the housing. 

10 3. Apparatm according to claim 2, whcmn the double ^trusion screw is an 
intermeshimg double extrusion screw, preferably a counter rotating 
intexxneshing double extrusion screw. 

4. Apparatus according tx> any one of claims 1-3, wh^in die extrusion, socew. 
15 has a hollow shaft, 

5. Apparatus according to claim 4y wh^iein the blade or blades on the hollow 
shaft are hollow as welL 

20 6. Apparatus according to any one of claims 1-5, wherein the extrusion screw 
has a double blade over at least part of its length. 

7. Apparatus according to any one of the claims 1-6, whfflein the ©sitcusion 
screw has a blade with a variable pitch. 

25 

8. Apparatus according to any one of claims 1-7, wheredn the distance between 
the shaft of the sc^w and the housing is at least of the same order as the 
distance between two successive blades, preferably the distance betwera the 
shaft and the houshig being larger than the distance between two successive 

30 blades. 

9. Apparatus according to any one of claims 1-8, wherein the screw has a shaft 
on wMch internals such as paddles and/or rods are provided. 



.12- 

10. Appaxatui according to any one of claims 1-9, wherdn the housing is double 
walled. 

11. Apparatus according to any one of the claims 1 - 10, wherein the housing has 
5 one or more outlets for the gasses formed aad/or one or more outlets for 

products formed* 

12. Apparatus aocordxAg to any one of claims 1 - 11, wherein the housing and/or 
the extrusion screw have been made liom cast iron, preferably nodular cast 

10 iron. 

13. Apparatus according to any one of claims 1 — 12, wheidba die housing has a 
length between 1 and 25 metres, preferably betwem 8 and IS metxes» more 
preferably approxixnately 12 metxes. 

IS 

14. Process for the treatment of a material under pyrolytical conditions in three 
phases, a heating phase of the x»iateilal, a reaction phase in which tibie mat^al 
may become at least partially plastic and a third phase in which oixe or more 
processed products are f(btned, characterised in that the processed prodiicfsla^^ 

20 formed from the material in a housing while the material and the products in 

the housing are transported forcibly. 

15. Process according to claim 14, wherein the material and the processed products 
are transported through the housing by means of a screw, 

25 

16. Process according to claim 15, wherein the material and the processed products 
are transported throu]^ the housing by means of an extrusion screw. 

17. Process according to claim 16, wh^m the material and the processed products 
30 are transported through the housing by means of a double extrusion screw. 



18. 



Process according to claim IS, 16 or 17, wherein the screw is self-cleanhig 
during the transport of the material and the processed products. 
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19. Process according to any one of claims 14 - 18, wherein the matodal and the 
processed prodacts are kneaded dating txanspoiL 



20. Process according to any one of claims 15 - 19, wherein the extrusion sciew 
5 rotates with a velocity of at most 25 roimds per minute, pref<^:ahly at a velocity 

of approximately 1 round pa minute. 



21. Process accordhig to any one of claims 14 20, wheidn the matedal and the 
processed products Bxe heated to a maximum traxpaatuxe of SOC C to 1000^ 
10 C, preferably to a temperature of 400"" C to 700'' C» more preferably to a 

temperature of approximatdy 600^ C. 



22, Process according to any one of claims 14 - 21, wherein the transporting time 
of the material and the processed products in the housing is between lOandSO 
15 minutes. 



23. Use of the apparatus according to any one of claims 1-13 and/or the process 
accoidixxg to any one of claims 14 - 22, characterised in that the material coal 
is processed into the product char. 

20 

24. Use of the apparatus according to any one of claims 1-13 and/or the process 
according to any one of claims 14 - 22, characierised in that the material iron 
ore is processed into tihie product steel in the presence of a reducing agent. 



25 25. Use of the apparatus according to any one of claims 1-13 and/or tihe process 
according to any one of claims 14 - 22, characterised in that the material tar 
and/or oil is processed into the products petrol, diesel fuel m&oc other 
chemicals. 



30 



26. 



Use of the apparatus according to any one of claims 1 13 and/or the process 
according to any one of claims 14 - 22, characterised ii^ that the material 
biomass, tyres or waste is processed into the producte oil and gas. 
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ABSTRACT 

The invention lelates to an apparatus for the treatment of a matenal under pyiolyticdl 
5 conditions, the apparatus comprising a housing for processing the material. 

The invention is characterised in that in the housing an ratrusion screw is provided. 
The invention also relates to a process for the treatment of a material under 
pyrolytical conditions, and to the use of ttie apparatus and tiie process. 
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